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The “Grand Challenge” Problem

2

planar 

impactor

HE crystal

polymer

Fried, L. E., et al., Prop., Explos., Pyrotech. 2020, 45 (2), 168-168.

The “Grand 
Challenge” 

Problem

Predictive, 
Microstructure-

informed, Reactive 
Simulations

Computational 
Challenges

Experimental 
limitations

Space: nm-mm

Time: ps-ms



Variables:

• Single vs. defective 
crystals

• Impact velocity

Experimental Concept
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Diagnostics:

• PDV  Time of flyer impact on polymer (t=0)

• Camera  4 snapshots of emission

• Pyrometer  time-dependent temperatures



Experimentally Observing Hot Spots 
in Individual HMX Grains

Johnson, B. P., Zhou, X., Ihara, H., Dlott, D. D., J. Phys. Chem. A 2020, 124 (23), 4646-4653.



Single vs Defective Crystals
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Hot Spot Formation in a Model PBX: 
Simulations and Experiments

Shobhan Roy, Yen Nguyen, Pratik Das, Prof. H.S. Udaykumar (Iowa)

Belinda P. Johnson, Xuan Zhou, Prof. Dana Dlott (UIUC)



Methodology for Simulating Model PBX
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Qualitative HS Formation Comparison
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Quantitative HS Temperature Comparison
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Hot Spot Formation Mechanisms
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Hot Spot Formation in a Model PBX: 
Simulations and Experiments

Johnson, B. P., Zhou, X., Ihara, H., Dlott, D. D., J. Phys. Chem. A 2021, Accepted.
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Growth Rates of Individual Hot Spots
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Summary and Future Directions

• Tabletop platform for systematic 
study of hot spots in model PBXs:

• Experimentally observe HS formation, 
location, temperature, and propagation

• Impact pressure thresholds and growth 
behavior

• Ongoing Efforts
• Direct comparison to reactive 

simulations (Shobhan Roy, Iowa)

• Quantify HS growth

• Varying binder

• Time-resolved temperature maps
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Synthesis of a Model PBX
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Post-Mortem Images
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Up-Dependent Spatially Averaged Emissivity 
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Imaging Configuration
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